CLAIMS 

^ A method for forming a semiconductor device comprising: 
\ providing a semiconductor substrate; 
\forming a metal oxide layer over the semiconductor substrate; 
K*rming a patterned gate electrode over a first portion of the metal oxide 
\ layer; and 

remoVing a second portion of the metal oxide layer by heating the 

semiconductor substrate and flowing a halide-containing chemistry 
over\the substrate while heating, wherein the second portion of the 
metaloxide layer is adjacent to the first portion of the metal oxide 
layer. \ 

2. The method of claim 1, wherein the halide-containing chemistry further 
comprises hydrogen. \ 

3. The method of claim 2\wherein the halide-containing chemistry is HC1. 

4. The method of claim 1, wherein the metal oxide layer is hafnium oxide. 

5. The method of claim 1, furtheXcomprising: 

forming an patterned ARC laVer over the patterned gate electrode prior to 
the flowing of the halide-containing chemistry; and 

removing the patterned ARC layer after the flowing of the halide- 
containing chemistry. \ 
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The method of claim 5, further comprising: 
forming a first interfacial oxide layer under the metal oxide layer; 
^removing at least a portion of the first interfacial oxide after removing the 
second portion of the metal oxide layer; 

7. The method of claim 6, wherein removing at least a portion of the first 
interfacial oxide layer is performed using a chemistry containing hydrogen and 
fluorine. 



y 10 8. The method of claim 7, further comprising forming a second interfacial 

•0 \ 

S P oxide over the\semiconductor substrate. 

m 
9 

jV 9. The method 6f claim 1, wherein the step of removing is further characterized 

Si as being at a temperature of between about 625 degrees Celsius to 675 degrees 

Q Y 

^1 15 Celsius. 



10. The method of claim 9, wherein the step of removing is further 
characterized as being arct pressure of about 50 torr for approximately 60 
seconds and a flow rate of\fie halide-containing chemistry at about one SLM. 

11. Kne method of claim 1, wherein removing a second portion of the metal 
oxideX^er is performed in a reaction chamber in the absence of if activation. 



}%. The method of claim 1, wherein heating is performed using a radiation 



25 source. 
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A method of removing a metal oxide layer that is over a semiconductor 
substrate, comprising: 

lacing the semiconductor substrate into a reaction chamber; 
eating the metal oxide layer; 
wing a chlorine-containing chemistry while heating, wherein the 
chlorine-containing chemistry reacts with a portion of the metal oxide 
layer to create a byproduct, wherein the byproduct comprises an 
lement from the metal oxide layer; and 
removing the byproduct from the reaction chamber. 
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A method for forming a semiconductor device comprising: 
providing a semiconductor substrate; 

forming aVnetal oxide layer over the semiconductor substrate comprising 
hafnium and oxygen; 

S 15 removing a portion of the metal oxide layer by heating the semiconductor 

CP substrate\using radiation and flowing a chemistry containing hydrogen 

0 \ 
H> and chlorine. 

15. The method of claim 14, wherein heating the semiconductor substrate is at 
20 a temperature between about 625 degrees Celsius to 675 degrees Celsius. 

16. The method of claim Pf, wherein the semiconductor substrate comprises 
silicon. 

25 17. The method of claim 16, further comprising: 

forming a first interfacial oxiate layer under the metal oxide layer; 
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removing at least a portion of the first interfacial oxide after removing the 
portion of the metal oxide layer; 



18. The method of claim 17, wherein removing at least a portion of the first 
5 interfacial oxide layer is performed using a chemistry containing hydrogen and 
fluorine. 
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19. The methocKof claim 18, further comprising forming a second interfacial 
oxide over the seimi conductor substrate. 

20KTfte method of claim 14, wherein removing a second portion of the metal 
oxiqplayfcr is performed in a reaction chamber in the absence of RF activation. 

-2 A A method of forming a metal oxide comprising: 
providing a semiconductor substrate; 

>rming a metal oxide layer over the semiconductor substrate; 
removing a portion of the metal oxide layer by heating the semiconductor 
\substrate and flowing a gaseous halide. 



20 22. The merhod of claim 21, wherein the gaseous halide comprises hydrogen. 



23. The method of claim 22, wherein the gaseous halide is HC1. 



24. The method of Maim 22, wherein the gaseous halide is HF. 
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25. The method of claim 21, wherein the metal oxide contains hafnium and 



n 
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26. luie method of claim 21, wherein heating the semiconductor substrate is at 
5 a temperature between about 625 degrees Celsius to 675 degrees Celsius. 



27^ A method of selectively removing a metal oxide layer from a 

semiconductor substrate, wherein the metal oxide layer has an exposed portion 

and a portion under a gate electrode comprising the step of flowing gaseous 

10 HC1, in the absence of if activation, over the substrate with the substrate heated 
\ 

to between 600 and 800 degrees Celsius. 



28. The methodW claim 27, wherein the substrate is heated to between 625 
and 675 degrees Celsius. 
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29. The method of cfaim 28, wherein the metal oxide is hafnium oxide. 



30. The method of clain\29, wherein the substrate is heated by radiation. 



20 31. The method of claim 30,\vherein the metal oxide overlies an oxide layer. 
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